Penicillin has excited the whole world. It has done for the common bacterial infections what the sulphonamides had done for meningococcal meningitis and quinine for malaria. But penicillin was an antibacterial remedy: it was not to be expected that it would be potent against the protozoal infection of syphilis. Moreover it was soon discovered that penicillin given intramuscularly did not find its way into the cerebrospinal fluid; it did not, it was said, pass the blood-brain barrier, and so it was inherently improbable that it would have much effect on syphilis of the nervous system. Moreover, we knew that nowhere did the spirochete become more strongly entrenched than in the brain. It was, therefore, right and natural that the first rumours that penicillin was in some degree effective in cases of neurosyphilis, and even in cases of general paralysis of the insane, should be received with a certain amount ofincredulity, and this attitude is apparent in most of the reports on the trials of penicillin in neurosyphilis, for nearly all observers, finding some clinical improvement but little immediate change in the cerebrospinal fluid and blood, have gone on to treat their patients with malaria.
Early Personal Experiences My own attitude at the beginning was the same. Just at the time when penicillin first became available for civilian use, a man of 50 suffering from taboparesis was admitted to the National Hospital, Queen Square, and came under my care. He was euphoric and fatuous, and had recently lost his position as accountant in a small firm. He-was pursuing allotment gardening in a hypo-manic way, and had undertaken several allotments though he was a small, weak man. At home he was restless, irritable, obstinate, and sometimes tearful. He had some tremor of his lps and tong'ue and tremulous *An address to the Society for the Study of Venereal Diseases, Jan. 24, 1948. dysarthria,. and he also had some tremor of his hands. His pupils were inactive to light, his kneejerks and ankle-jerks were absent, and his plantar reflexes were weakly extensor. His cerebrospinal fluid showed typical paretic characteristics, and his blood Wassermann was strongly positive.
I decided to try the effect of penicillin in this case. The reports which had come from America had at first suggested that over a million units might be necessary for a case of neurosyphilis, but by the time treatment was started on this patient it was being said that even two million units were required. Fortunately we were able to obtain this amount, and the patient was given a course of two million units in injections of 20,000 units at a time, every three hours. When the course was finished he had certainly made some clinical improvement. He was less restless, a little less expansive, able to concentrate better and to remember better. Physically he was less tremulous, but the other physical signs were unchanged. To our disappointment his cerebrospinal fluid, examined ten days after the completion of his course of penicillin, showed practically no change. The Americans, of course, had had a long start of us, and the few reports which were then available indicated that penicillin was inadequate for dementia paralytica and that it was necessary to use malaria as well. Faced with the lack of serological improvement in my patient and with this information from America, it seemed obviously the appropriate course to proceed with malarial therapy, and this was done without waste of time. I did nevertheless say, being impressed with the clinical improvement, that it would be a pity to cure the patient with penicillin and then, for the sake of confirming the cure, to kill him with malaria. This, in fact, was almost what happened. The patient, at the time of his fifth rigor, passed into a semicomatose state with low muttering delirium, and the malaria was hurriedly arrested. Nevertheless he 89 BRITISH JOURNAL OF VENEREAL DISEASES remained first in a state of semi-coma and muttering, and later for nearly a fortnight in a condition of profound dementia with lapses into delirium. In the end, however, he made a very good recovery, although I do not think his mental state has ever been quite so good as it was before the malaria started.
This was by no means my first contretemps with malaria, but it was a new lesson. Meanwhile, Dr. E. A. Carmichael had started one of his 'patients a case of frank G.P.I., on penicillin, and he inviteA me to observe the case with him. This man, when his course of three million units was finished, also showed clinical improvement. His cerebrospinal fluid still showed paretic abnormalities, and his blood Wassermann was still strongly positive. Nevertheless we decided that we were going to treat the patient and not the cerebrospinal fluid; and clinically we saw no call for immediate further treatment, and certainly no justification for submitting him to the dangers from which the first patient had so narrowly escaped. After a short period of observation in the hospital, during which he continued to improve, he was allowed to go home. His improvement continued, and after nine months he was very much better clinically. (nos. 1, 3, 7, 9, 14, 18, 20, 21,. in chronological order), the first five of which were treated more than a year ago. Case 14 was due to congenital infection; Case 18 has been lost sight of;' in Case 21 the mental symptoms were relatively mild and the dominant clinical features were tabetic. The clinical histories of these cases are given below, and their cerebrospinal fluid and blood findings are shown in Table 1 . Case 1.-A man aged 52 years, first seen on Feb; 20, 1945, had been dismissed from his post as a secretaryaccountant, and his wife said he had been " changed mentally " for abo-ut a year, and was now a very different man. His memory was bad and he lost things; he was apt to cry; he was unable to do his income-tax return and unable to understand things that formerly he would have dealt with easily; he was easily fatigued and complained of pains in his legs. On examination'fi laughed'in a silly way and had a tremulous dysarthria, but he made no mistakes in talking and was able to subtract 7 successively from 100 without error, though his cerebration was rather-slow. His tongue and hands were tremulous and he had Argyll Robertson pupils. His knee jerks and ankle jerks were absent, and his plantar reflexes flexor. When he was admitted to hospital his cerebrospinal fluid showed paretic changes and the Wassermann reaction was strongly positive in his blood.
He was given 2 mega units (2M) of penicillin, after which he showed some improvement in his memory and emotional state, but his cerebrospinal fluid showed little change. He was subsequently infected with malaria. During the fifth rigor he became gravely ill and passed into a state of muttering delirium, from which he' recovered gradually in the course of a fortnight. After this his mental state was possibly not quite so good, but in the course of a few' months he improved again. '-His wife said he wa's much better than before his treatment, but he was still talkative and easily amused.
In March, 1947 , two years after the original treatment, the wife thought he was not so well and he was readmitted to hospital. He had no tremor and his plantar responses were flexor as before; his cerebrospinal fluid was normal except for the Lange curve which was still of the paretic type, and the Wassermann reaction' was negative in his blood. Although no deterioration in his mental May, 1946 , at another hospital, to which her daughter had brought her because she complained of headache and slowness. Her cerebration was slow and she had some tremor of her lips and tongue, but otherwise few abnormal physical signs. She was put on the admission list, but was brought up again by her daughter a fortnight later because her mental state was so much worse, and also because she had fallen down once or twice. On admission to hospital her cerebration was very slow and she answered only in monosyllables. Her speech was tremulous and she had a marked tremor of her lips and tongue and slight tremor of her hands. She was somnolent and sometimes incontinent of urine. After 3 mega units of penicillin her headache had quite gone, she was brighter, and her cerebration was quicker, but her answers were still very brief. Her tremor was less and she soon ceased to be incontinent. After that her mental state steadily improved, but as there was little improvement in her cerebrospinal fluid and blood a further course of penicillin (3 mega units) was given after two months. Gradual improvement continued, and four months later she was admitted to the National Hospital for re-investigation. She was then able to give a fairly good account of herself, but she was quite unable to perform any of the usual psychological tests, such as subtracting 7 successively from 100. Her pupils did not react very briskly to light and she had a little tremor in her tongue and speech, but otherwise no abnormal physical signs. In the last two years she has improved greatly, and for nearly a year now she has run her house and done her own shopping. She answers ordinary questions normally, but with specific intelligence tests she makes a poor score.
Case 9.-A married woman of 42 years was first seen in June, 1946, when she complained of attacks of severe pain beneath her right shoulder blade during the previous eight months. Examination showed some slight left ptosis, slight pupillary abnormalities, and slightly increased reflexes in her left leg. Simple tests showed considerable impairment of intelligence and memory, and her emotional state was unstable. It subsequently came out that for some time past she had been very difficult to live with because of her irritability. During the next eighteen months she had two courses of 4 mega units of penicillin, one course of eight injections of bismuth, and three courses of potassium iodide by mouth. At the end of this time she was symptom-free. "I am feeling better than I have for years." The Wassermann reaction was negative in her cerebrospinal fluid and weakly positive in her blood. Her physical signs remained the same. Psychological examination showed generalized deterioration amounting to 24 per cent. loss by Wechsler's method.
Case 14.-A woman of 27 years first attended the hospital in March, 1943. She gave one year's history of unsteadiness, giddy attacks, and slurred speech. On examination she was found to be an apathetic girl with absent knee and ankle jerks and extensor plantar reflexes. Between that time and January, 1947, she had many courses of arsenicals and bismuth, but her Wassermann reaction was still strongly positive in the blood and cerebrospinal fluid. Her mother said then that she had been deteriorating recently. On examination at this time she was found to be apathetic, negativistic, and of very low intelligence: her kneejerks and ankle-jerks were absent and her plantar reflexes were extensor. She was given a course of 4 5 mega units of penicillin, followed by mercury and iodides by mouth. Now (January, 1948) Table I ; clinically and serologically she has improved greatly.
Of the remaining cases in this group the first two were of subacute spinal syphilis, -and these have shown only moderate improvement. The other three are all women with cerebral syphilis, two of whom had papilloedema and all of whom have improved considerably after treatment. The records of their cerebrospinal fluid and blood findings are given in Table IV. Case 4.-A man, aged 57 years, was first seen in June, 1945, when he complained of increasing deafness during the previous five years. Six months before admission he had had a subarachnoid hemorrhage from which he made a good recovery, and subsequently a positive Wassermann reaction was found in the cerebrospinal fluid. He also gave a history of having had syphilis as a young man. On examination he was found to have moderate nerve deafness, his right pupil was small, irregular, and did not react to light, his p!antar reflexes were. extensor, and he had a positive Romberg sign. The Wassermann reaction was then negative in his blood and cerebrospinal fluid. However, he was given 3 mega units of penicillin and afterwards potassium iodide. Now his cerebration is quicker and he says he is feeling more alert, but examination shows no change in his objective signs.
Case 16.-A man, aged 63 years, was first seen in April, 1947 . During the previous six years his wife had noticed progressive deterioration of his intellect, character, and habits. He had become bankrupt, dirty, objectionable, and slovenly. Six weeks before he had had a sudden weakness of his right side, which was improving. When seen he was unkempt, incapable of giving a history, and with no insight into his condition. His blood pressure was 250/153 mm. Hg. His speech was slurred, and he had Argyll Robertson pupils and bilateral extensor plantar responses. The Wassermann reaction was strongly positive in his blood and positive in his cerebrospinal fluid. He was given a course of 5 mrga units of penicillin. He was then discharged from hospital, but within a few days was admitted to another where he still remains. His condition has improved a little. The Wassermann reaction in his blood is positive.
Case 17.-A married woman, aged 42 years, when first seen in April, 1947, complained of weakness of her legs for one year and sudden onset of left-sided weakness fourteen days before. This latter symptom had improved. On examination she had the signs of a mild left hemiparesis. She also had Argyll Robertson pupils. Except for the left supinator jerk, her tendon jerks were -absent. Her cerebrospinal fluid showed " paretic " changes, and her blood Wassermann reaction was strongly positive (see Table I Looking back over these twenty-four cases we may consider the apparent effects of the treatment in more general terms-the clinical effects, the effects ,on the cerebrospinal fluid, and the effects on the blood.
Clinical Effects-In most cases it is evident that the progress of the symptoms has been arrested; we may exclude from consideration in this respect the cases of tabes-since in the nature of things they are not likely to show much objective change in a short time-and also the cases which have been lost sight of. That leaves eighteen cases in which clinical progress can be assessed. In Case 11, visual impairment continued to progress after the first treatment with penicillin was given, but in all. the other cases the progress of symptoms has been arrested, and in nearly all of them the patient has made positive recovery. Arrest of symptoms is all that can be expected clinically in the first instance from even the most effective treatment, and any positive recovery that occurs afterwards depends on the state of the nervous tissue after the disease process has been stopped; its degree is not a measure of the effectiveness of the treatment. Whether the arrest of the clinical progress of the disease will be permanent is impossible to say yet, but so far there have been no relapses and no deaths as far as I know. Effects on the Cerebrospinal Fluid.-The effects on the cerebrospinal fluid and blood form the best criterion of the probable permanence of the arrest of the disease and of its eradication. In most instances the Wassermann reaction in the cerebrospinal fluid has become negative in about a year. It is not known when it became negative in Case 1, but it was found negative at the end of two years. The number of cells in the fluid usually becomes normal quickly and has always been within normal limits by the end of two months. The total protein content becomes normal more slowly, and frequently shows an increase immediately after treatment, which may last for one or two months. This is probably to be regarded as an indication of the reaction that has gone on in the tissues, and particularly in the cerebrum, and it is in keeping with what occurs in other diseases. The tests for excess globulin usually become normal about the same time as the total protein. The colloidal gold reaction shows the most persistent change in the cerebrospinal fluid, and in Cases 1 and 14 it is still of the paretic type after thirty months and twelve months respectively, when all other features of the fluid are approximately normal. As is well known, this also happens after malarial treatment and the significance of this persistence is difficult to determine. In most instances, if the fluid is otherwise " inactive," the reaction dies out in the course of some years, and it seems unlikely that an active colloidal gold reaction is to be regarded as any sign of activity of the disease. In any case, patients with positive colloidal gold reactions should be watched. With the exception of the colloidal gold reactions, and occasionally of the total protein, all the cerebrospinal fluids in my series have returned to a normal state within about twelve months. The sequence of changes in the cerebrospinal fluid after penicillin therapy is thus exactly the same as that which follows successful treatment with malaria, and we may recall Dattner's insistence that a fluid which has become negative after malaria never becomes positive again.
Effects on the Blood.-It seemed at first that penicillin did not have much influence on the Wassermann reaction of the blood, but as time has gone on the reaction in the blood has become negative in a number of patients who have had no treatment except penicillin, and in some other patients it now shows a decided weakening.. In cases in which neoarsphenamine and bismuth were given in addition, the state of the blood is no better than in the others. In general, the blood reactions in the series as a whole seem now as good as would have been obtained by any other method of treatment, but the delay in the correction of the blood Wassermann after that of the cerebrospinal fluid has become normal is difficult to understand. A similar delay is known to occur after malarial treatment, but after penicillin it is more striking, possibly because other changes occur more quickly than after malaria (Table V) .
The combined effects of the treatment on the clinical state and on the states of the cerebrospinal fluid and blood all indicate that treatment with penicillin is effective and adequate and provide good grounds for hope that the results will be permanent.
Dose and Method of Administration
In all cases penicillin has been given by the intramuscular route only. Sodium penicillin was used for most of the cases, and in recent times the crystalline form whenever obtainable.
In the early days the total amount given in each course was two million Oxford units (2 mega units). This was soon increased to 3 and then 4, and for the last two years the course has been standardized at 5 mega units. Rose and Solomon (1947) there was no material difference in the percentages of clinical improvement whether the patients were treated with penicillin and malaria, penicillin and the-fever cabinet, or penicillin alone. From the report of a smaller series described by Lescher and Richards (1947) After any sufficiently effective treatment the extent of clinical recovery depends on the amount of the cerebral tissue that is capable of recovery and that is not a function of the treatment but of the viable cerebral tissue. Similarly the period of clinical recovery is the time required for the recovery of such cerebral tissue as is capable of restored activity. The final results cannot vary between one effective method of treatment and another, provided the treatments themselves are inocuous and reasonably prompt in their actions, and if an effective treatment has once been given no greater or quicker improvement can possibly be obtained by a multiplication of therapies. The practical results that have been obtained are in general agreement with this conclusion.
Our only criterion for the permanence of cures is the serological reactions. After the disease is arrested these take time to become normal; if the cerebrospinal fluid is of the " inactive" type after three months, and normal, apart from the colloidol gold reaction, within two years, we may be satisfied. Such results are obtainable with penicillin as with malaria, and there seems no reason why they should not be as permanent. Though serological relapses must be watched for, they are likely to be few.
Conclusions
As a result of my observations I draw the following tentative conclusions-and I emphasize that they are tentative because longer observation is necessary.
1. Penicillin is sufficient in most cases of neurosyphilis. Whether it is adequate for the more acute cases ofgeneral paralysis of the insane the experience by this series does not show.
2. If, with the possible exception of such cases, the patient can be kept under observation after treatment and penicillin repeated if necessary, malaria will seldom be called for, and the risk of it will seldom be justified.
3. Even if penicillin does not render malaria unnecessary, it is a potent weapon and will make us much less dependent on malaria, and risks which were necessary before need not now be taken. NICOL said there was no doubt that malaria was not devoid of considerable risks. It was true that at Horton Hospital the mortality rate had been as high as 8 per cent.; nevertheless it was found that in the latent neurosyphilitic cases, of which quite a considerable number had now been treated, there was no mortality. Therefore it did appear with the patients in whom the more active process of disease was going on, as in general paralysis of the insane, that the risk was very much higher. It was quite clear that, for this most active disease process, treatment by malaria should be supplemented by something else, and at Horton Hospital they had based their conclusions on the work done with malaria and tryparsamide. He himself did not like tryparsamide, and Dr. Martin had not used it in any of the cases he had described that afternoon. How far penicillin might supersede malaria therapy remained to be seen. It would certainly entail very much less clinical anxiety and trouble; but were they going to find that penicillin would be sufficient from the point of view of therapy? Dr. Martin, quite rightly, was cautious in his conclusions. They would have to wait several years to know the complete answer. Penicillin had been used to a considerable extent at Horton Hospital, where his colleague was getting together data on a hundred cases that had been under observation for one year and more.
He waa glad to hear that 
